Bio-oil derived from the pyrolysis of a sustainable palm biomass has great potential as a suitable replacement to the conventional source of fuels and chemicals. However, the bio-oil produced is highly acidic and corrosive due to presence of acids that can leads to operational difficulties. As such, purification of the bio-oil for the targeted application as chemicals or fuel source needs to be conducted. This study is aimed at conducting further study on the isolation of insoluble fractions (heavy oil) of bio-oil and at the same time assesses the corrosiveness of the insoluble fractions and compare with that of raw bio-oil. This was done in order see whether the corrosive properties of the raw bio-oil are associated with these fractions or not. It was later upgraded using various ratio of zero valence aluminium metal as corrosion inhibitor. The raw biooil and the upgraded heavy oil fractions samples were characterized using various techniques. The results indicate significant improvement on the various properties tested on the side of upgraded heavy oil fractions than the raw bio-oil. Thus, realization of bio-oil quality for its subsequent application as fuel can significantly reduce operational difficulties in engines and other processing equipment.
Introduction
The accelerated increase on energy demand lead to a corresponding increase on the cost of fossilbased fuels [1] . In addition, the disposal of harmful wastes associated with fossil-based energy and chemical production processes on the environment lead to rapid degradation of the environment. Therefore, utilization of sustainable and renewable materials for energy and chemicals could dramatically improve the environment thereby significantly reducing or eliminating the harmful effects of fossil based products on the environment [2, 3] . Biomass, as a renewable material which has low contents of sulphur, nitrogen and ash, is regarded as a clean resource. These advantages have promoted the intensive efforts in research and development for biomass utilization. [3] . Palm oil industries generate a huge amount of underutilised wastes ranging from shell (3.25%), fiber (11.79%), empty fruit bunch (51.36%) and kernel (33.6%) [4] . Pyrolysis, which is a thermochemical conversion, yields a liquid mixture of several valuable hydrocarbons such as alcohols, aldehydes, ketones, carboxylic acids, phenol and its derivatives [5] . However, the highly acidic content of biooil leads to low pH which thereby leads to operational difficulties in engines and other processing equipment. There were intensive studies on reducing corrosion in bio oil, research and various technologies have been developed in order to reduce the acidity of the bio oil [2] .
The aims of this paper is conducting further study on the isolation of soluble and insoluble fractions of bio-oil and at the same time assess the corrosiveness of the insoluble fraction and compare with that of raw bio-oil using aluminium presents in gamma alumina as zero valence metal.
Material and Methods
Bio-Oil Separation and upgrade. Initially 2:1 ratio of bio-oil and water were mixed and gently stirred at 8 rpm for 2 hours. The mixture was left for 24 hours under ambient conditions. Two layers of heavy and light bio-oil were obtained [6] and separated using gravitational force in a separating funnel. The heavy bio-oil (HBO) layer was used in this study for the upgrading and further analysing. The upgrading process involved the mixing of 10g HBO sample with varying proportion of alumina and 2g formaldehyde in 300 mL round bottomed flask. Finally, the mixture was vigorously stirred for 300 minutes with magnetic stirrer at ambient pressure and temperature.
Characterization. The raw bio-oil, heavy bio-oil fractions (water insoluble) as well as the upgraded heavy bio-oil were analysed for pH and functional groups. A pH meter model Eutech Instruments, pH 5+ and a Perkin Elmer Spectrum 100 series model instrument were employed respectively.
Corrosion Inhibition Testing. The corrosion reduction rate was used as parameter to determine the corrosion inhibitor effect of the upgrading samples using low carbon metal plate. Raw pyrolytic biooil (RBO), HBO and upgraded HBO were used as medium for the test. Prior to the test, the plates were thoroughly cleaned using sand paper and acetone. The metal plates were then exposed to the various samples in a testing chamber with occasional stirred at 6 rpm under ambient conditions. The effect or rate was measured in term of metal weight loss (g/cm 2 year) using the relationship given in equation 1 [7] . Table 1 , it was found that sample A5 and A6 have pH values of 5.52 and 5.39 respectively which move towards 7. It shows that with an additional increase of alumina, the pH values also increased. This signified that the hydrogen ions were substituted with the zero valance aluminium metal. FTIR characterization. IR spectra for samples A3, A4, and A5 are shown in Figure 1 . The strong and broad band at 3400 cm -1 on upgrading samples was the characteristic of O-H stretching vibrations. The results agreed well with the finding that indicates the presence of phenols and alcohols. Obvious shoulder wave number between 1750-1650 cm -1 was characterized by C=O stretching vibration. The bands are compatible with the presence of ketone, aldehyde, carboxylic group and esters. There are no C=C stretching of alkenes compounds detected at 1648 and 1647cm -1 band for the upgraded samples. The most significant trend was eliminate in C=O group (1750-1650 cm -1 ) which was accompanied mostly by a decrease in aliphatic C-O groups (1300-950 cm -1 ) for the upgraded bio-oil. It was also observed that for upgrading samples , there were no peaks for C=O stretching which signifies that upgrading using alumina lead to the elimination of carboxylic acid in the heavy bio oil. The decrease in carboxylic acids can result in the adjustment of the pH value of bio oil, thus reducing the corrosiveness of bio oil.
Corrosion Inhibition Testing. The effectiveness of alumina as a corrosion inhibitor was assessed by conducting the corrosion weight loss test. The comparative study of the results is shown in Table  2 for the pure pyrolytic RBO and upgraded pyrolytic RBO. The selection of upgraded RBO was based on sample A5 that gave highest pH value and the basic principle used for this corrosion test was based on weight loss on the surface of metal strips. Based on Table 2 , the weight loss in metal plate contacted with upgraded RBO was less than the weight loss with only RBO for 3 hours, 6 hours and 12 hours. In addition, the weight loss per area in metal plate was directly proportional with time. The longer time that metal plate exposed with RBO, the increase of weight loss per area. Furthermore, the difference in weight loss also can be seen in different temperature of 27 and 50 o C. Lower temperature takes more time to loss their metal plate weights compared to the high temperature.
Conclusion
The upgrade of heavy bio-oil or HBO with alumina shows a significant improvement in the bio oil quality especially in reducing the acidity and thereby reducing its effective corrosion property. The results from this study provide a new approach in producing bio-liquid fuels with reduced corrosion potentials. Reducing the corrosive properties will provide a promising feature as well as accelerated growth on the use of renewable and sustainable biomass as energy source that is clean and environmental friendly.
